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THE EFFECTS OF BOW SEAL S I W E  ON THE PERFOWNCE 
OF A CAPTURED A I R  BUBBLE SURFACE EFFECT SHIP* 
Donald H. Laytor.** 
Naval Pos tgraduate  School 
%-, Honterey, C a l i f o r n i a  
Elementary Seal Shapes Abs t rac t  
Experimental  r e s u l t s  ob ta ined  on t h e  XR-3 
T e s t c r a f t  v e r i f y  t h e  hypothes is  t h a t  a prope r ly  
shaped bow s e a l  f ace  can reduce t h e  hydrodynamic 
drag o f  a Captured A i r  Bubble Surface  E f f e c t  
Ship in t h e  post-Hump v e l o c i t y  regime. Rapid 
raising o f  the  lower po r t ion  o f  such an optim- 
a l l y  shaped seal j u s t  p r i o r  t o  Secondary Hmp 
permi ts  t h e  t r a n s i t i o n  a t  lower than usua l  va lues  
o f  d rag  andlor  ve loc i ty .  
In t roduc t ion  
The bow seal system on a Captured A i r  Bubble 
Surface  E f f e c t  Ship  pe r fo rns  t h r e e  f u n c t i o n s  (1) 
it a c t s  as t h e  forward, s t a t i c  air r e s t r a i n t  t o  
assist i n  t h e  cap tu r ing  o f  t he  plenun a i r ;  ( 2 )  i t  
responds  dynamically i n  a wave-following mode t o  
permi t  passage o f  s u r f a c e  waves; and ( 3 )  i t  pro- 
v i d e s  the  mechanical neans f o r  t he  t r a n s i t i o n  from 
t h e  undis turbed  water  ahead o f  the  v e s s e l  t o  t h e  
lower l e v e l ,  p re s su r i zed  water  s u r f a c e  in t h e  
plenum. 
The complexity of the  bow s e a l  system i n c r e a s e s  
w i t h  each of t h e s e  func t ions .  A l l  t h a t  is requ i r ed  
to assist i n  cap tu r ing  t h e  plenum a i r  is a simple 
p l a t e  a c r o s s  t h e  bow which could even b e  a t t a c h e d  
so as t o  l i e  in a v e r t i c a l  p lane  i f  i t  were no t  
for t h e  inc reased  drag which would result. The 
wave-fallowing requirements d i c t a t e  t h a t  t h e  bow 
s e a l  have some degree of f l e x i b i l i t y ,  due t o  
a c t u a l  o r  phantom hinge l i n e .  Both o f  t h e  f i r s t  
hro c r i t e r i a  could be  s a t i s f i e d  by t h e  employment 
o f  a seal of almost any c ross - sec t iona l  shape. 
Y 
The requirement for  provid ing  a t r a n s i t i o n  of  
t h e  water from t h e  undis turbed  level t o  t he  plenum 
l e v e l .  however, e s t a b l i s h e s  a need f o r  a shaping  
of  t he  s e a l  f a c e  in orde r  t o  o b t a i n  minimum 
hydrodynamic drag e f f e c t s .  
Ihe e f f e c t  of bow s e a l  drag may be  observed 
from t h e  water  tunnel  t e s t s  r e c e n t l y  conducted by 
t h e  David Taylor  liava h i p  Research and Develop- 
ment Center  (DTNSRDC)t15 wherein models were t e s t e d  
w i t h  both  f l e x i b l e  Finger Seals and wi th  Stoy- 
s t i f f e n e d  Bag and Xembrane (SSBX) s e a l s .  With 
Finger Sea l s ,  t h e  bow seal drag at Secondary Hump 
w a s  approximately twenty percent  ( 2 0 % )  o f  t h e  
t o t a l  drag and t h i r t y  one percent  (31%) o f  t h e  
seal drag. A t  maximum v e l o c i t y ,  t h e  F inger  bow 
seal accounted f o r  approximately twelve percent  
(12%) of  t h e  t o t a l  drag and f o r t y  fou r  pe rcen t  
(44%) o f  t h e  seal drag. 
With t h e  SSBM conf igu ra t ion ,  t he  bow s e a l  
c o n t r i b u t e d  approximately n ine teen  percent  (19%) 
of t h e  t o t a l  d rag  at Secondary Hump (twenty fou r  
pe rcen t  ( 2 4 X )  o f  t h e  combined s e a l  drag)  and two 
pe rcen t  of  t h e  t o t a l  drag a t  maximum v e l o c i t y  
(e leven  percent  (11%) of t he  s e a l  drag).  
I; *This work was sponsored by the  Naval Sea Systems 
Command (PMS-304, SESPO) 
In o r d e r  t o  develop a f e e l i n g  f a r  t h e  types  of  
f i r c e s  a c t i n g  on t h e  bow s e a l ,  l e t  us cons ide r  two 
extremes o f  s e a l  c r o s s - s e c t i o n a l  shapes.  F igu re  l a  
d e p i c t s  a f l a t ,  v e r t i c a l  seal extending  from t h e  
wet deck t o  an i n f i n i t e s i m a l  d i s t a n c e  below t h e  
water  l e v e l  in t h e  plenum. The f o r c e s  on t h i s  s e a l  
a r e  almost pure dynamic p r e s s u r e  f o r c e s  a c t i n g  in 
t h e  nega t ive  X-axis d i r e c t i o n  (drag) .  and a r e  a 
func t ion  of t h e  s e a l  he igh t  (Z-axis d i r e c t i o n )  and 
t h e  v e l o c i t y  of t h e  v e s s e l .  The h igh  d rag  f o r c e s  
of t h i s  s e a l  shape would be  i n t o l e r a b l e  a t  any but 
extremely slow speeds.  Increases in t h e  immersion 
depth of t h e  v e s s e l  would r e s u l t  i n  a s e a l  o f  f i xed  
h e i g h t  p r o j e c t i n g  below t h e  plenum l e v e l ,  thereby  
i n c r e a s i n g  t h e  drag  from an  unneeded s e c t i o n  o f  
t he  s e a l .  
\ \ \ \  
J 
Figure  l b  shows a s i d e  view o f  a f l a t  s e a l  ex- 
tending  a t  an ang le  from t h e  wet deck t o  t h e  plenum 
water  l e v e l .  A s  t h e  s e a l  is raked more and more 
from t h e  v e r t i c a l ,  t h e  hydrodynamic f o r c e s  a r e  
transformed from those  of impact t o  s k i n  f r i c t i o n  
f o r c e s  due to  t h e  t u r n i n g  of t h e  flow a long  t h e  
face  o f  t h e  s e d .  
A r i g i d ,  raked s e a l  of f i x e d  dimensions would 
"dig in" wi th  an i n c r e a s e  in t h e  immersion depth of 
t h e  v e s s e l ,  a s  d id  t h e  v e r t i c a l  s e a l  of F igure  l a .  
The r e s u l t a n t  f o r c e s  on t h e  raked s e a l  can be re- 
so lved  i n t o  v e r t i c a l  ( l i f t )  and h o r i z o n t a l  (drag) 
f o r c e  components, and, as a r e s u l t ,  i f  t h e  s e a l  is 
hinged a t  t h e  wet deck, i t  w i l l  t end  t o  r o t a t e  
about  t h e  hinge l i n e  u n t i l  t h e  l i f t  f o r c e s  a r e  
balanced by i n t e r n a l  r e s t r a i n i n g  f o r c e s  and lo r  
h inge  moment f o r c e s  as shown in Figure 2. 
\ \ \ \ \ 1 \ , \  ,'. 
fi:::l,a"t Lift FIG.2 
Inasmuch as t h e  s k i n  f r i c t i o n  f o r c e s  w i t h  most 
eomonly  used s e a l  m a t e r i a l s  a r e  s i g n i f i c a n t l y  
sma l l e r  than t h e  impact f o r c e s ,  p a r t i c u l a r l y  a t  
h ighe r  velocit i&3, it would appear  t h a t  the  optimum 






























































t o  minimize t h e  f o r c e s  in t h e  d rag  d i r e c t i o n  such 
88 a h igh ly  raked seal. The most obvious problem 
With t h i s  conclusion 1s t h a t  t he  SES i s  dependent 
on bubble  c a v i t y  l e n g t h  f o r  i ts a e r o s t a t i c  suppor t  
and as t h e  s ea l  is raked f u r t h e r  and f u r t h e r  a f t ,  
t h e  bubble  c a v i t y  l eng th  dec reases ,  a s  shown i n  
\ \ \ \ \ \ \ /  
F i g y q  3 




With a f l e x i b l e ,  two-dimensional seal  t h e  
r e s u l t a n t  f o r c e s  cause a deformation o f  t h e  s e a l  
f a c e  in a n  e f f o r t  t o  reduce the  f o r c e s  on t h e  sea l .  
Whether t h e  s e a l  deforms, o r  whether it r o t a t e s  
about  i t s  h inge  l i n e .  o r  whether both a c t i o n s  
occur t o  some degree depends on t h e  r e l a t i v e  va lues  
o f  the f l e x i b i l i t y  and the  h inge  moments. 
However t h e  use of a h i g h l y  f l e x i b l e  seal 
system, such as  t h e  so-cal led "f inger"  s e a l s ,  does 
n o t ,  in i t s e l f ,  gua ran tee  t h a t  t h e  d rag  on t h e  s ea l  
face is ninfmired. I t  is q u i t e  p o s s i b l e  t o  i n c r e a s e  
t h e  d rag  f o r c e s  by improper shaping w i t h  b u t  l i t t l e  
e f f e c t  on t h e  l i f t  f a r c e s  which might d e f l e c t  t h e  
seal i n t o  some new (and p o s s i b l e  s t i l l  non-optimal) 
shape. 
Mast o f  t h e  e a r l y  experimental  seals were of  
a n  almost  f l a t  c ros s - sec t iona l  shape, undoubtedly 
because of t h e  ease and economics of manufacture.  
Even t h e  "f inger"  s e a l s  had a n e a r l y  f l a t  f r o n t a l  
s ec t ion .  K i t h  t h e  advent of  more e x o t i c  des igns  - 
air  r e s t r a i n t ,  membrane a i r - s p r i n g s ,  a i r - s p r i n g  
h inges ,  e t  c e t e r a  - bow seal shapes began t o  become 
more non-l inear  i n  cross-sect ion.  
Air-SDring Seals 
The membrane, o r  a i r - s p r i n g ,  s e a l  is g e n e r a l l y  
a multi-compartmented s e a l ,  p re s su r i zed  so as t o  
provide t h e  d e s i r e d  s p r l n g  constant .  The bow seal 
o f  t h e  XR-3 T e s t c r a f t  (Figure 4 ) .  operated by t h e  
Naval Posegraduate School f o r  t he  Surface E f f e c t  
Ship P r o j e c t  O f f i c e  (PEIS-304), i s  t y p i c a l  of  t h e  
design excep t  f o r  t h e  f a c t  t h a t  i t  has  no l a t e r a l  
Curvature,  b u t  r a t h e r  extends s t r a i g h t  across t h e  
bow o f  t h e  T e s t c r a f t .  
As shobm in Figure 5 ,  t h e  SK-3 bow s e a l  has t V O  
compartments w i t h  ven t ing  between t h e  compartment$. 
Other  des igns  have included up t o  s i x  ( 6 )  compart- 
ments. 
The s e a l  f a c e  is f a b r i c a t e d  from rubberized c l o t h  
w i t h  i n t e r n a l  s p r i n g  s t e e l  s t i f f e n e r s  extending from 
t h e  w e t  deck h inge  l i n e  t o  t h e  t r a i l i n g  edge 0: t h e  
seal. I n  t h e  "natural" ,  unpres su r i r ed  form, t h e s e  
s t i f f e n e r s  p rov ide  a bowed shape t o  t h e  f a c e  o f  t h e  
s e a l  a s  s h a m  i n  F igu re  6 .  
FIG. 6 
The s e a l  may b e  p r e s s u r i z e d  from a l o r  of  
t h r e e  (3)  t o  f i v e  ( 5 )  percen t  above t h e  plecum 
pres su re  t o  a maximum of f o r t y  ( 4 0 )  t o  f i f t y  (50) 
percen t  above plenum p r e s s u r e  in o r d e r  t o  change 
t h e  s t i f f n e s s  of  t h e  s e a l .  P r e s s u r i z a t i o n  c o n t r o l  
is by means o f  a by-pass va lve  loca ted  i n  t h e  
p i l o t ' s  compartnent.  
s u r e ,  t h e  f a c e  of  t h e  s e a l  assumes an  a d d i t i o n a l  
c u r v a t u r e  as shown i n  Figure 7 .  
































































The flattened trailing edge when pressurized 
provides n e a r l y  pure skin friction drag with the 
lifting force being absorbed by the hending to 
the flattened shape. The first experimental Figure 9 .  
shape variations were conducted in an effort to 
Additional shaping produced furcher decreases 
in the hich velocity drag values until. a point was 
reached where the trend reversed, a s  shown in 





bwnstop cables located near the trailing edge 
and at the mid-point betwen the wet deck hinge 
line and the trailing edge were provided for static 
restraint of the seal system. By adjusting the 
downstops, the seal  face can be contoured from its 
pressurized, billowed condition to a flatter shape. 
Unfortunately, flattening of the seal face causes 
an effective extension of the trailing edge, due to 
the fixed seal face length. This extension of the 
trailing edge produces a "digging in" of the trail- 
ing edge and additional seal drag. 
However, despite this increase of drag due to 
the dig-in, it was found that there was a reduction 
in the drag of the seal with the initial flattening 
of the seal face. It is to be noted that variations 
in seal drag were obtained by measurement of the 
total restcraft drag with all other parameters, 
except seal shape, held constant. 
Numerous test runs") were conducted with both 
testcreft weight and center of gravity location held 
constant at each of six seal shapes. Initial 
shaping produced a decrease in total drag at the 
higher velocities as shown in Figure 8. In order 
to de-sensitize the performance data, all curves 
are shown with drag and velocity on a zero ( 0 )  





VELOCITY' FIG. 8 
It is emphasized that this reduction occcurred 
in spite o f  the increased resistance due to the dig- 
.in at the trailing edge, despite the fact that the 
vertical projection of the seal noma1 to the test- 
craft rovement actually increased, and despite the 
fact that slightly more o f  the seal face was ex- 
pcsed to the water. 
The increase in drag at Secondary tlmp is felt 
to be due to the minimizing o f  the shaping effects 
a t  low dynamic pressure (low velocity) and the 






The seal shape where minimum drag was obtained at 
the higher velocities was taken as the optimum 
shape. 
Theoretical Evaluations 
Having obtained experimental results that indi- 
cated that an  optimum bow seal shape could reduce 
drag, theoretical evaluations were attempted to 
validate the empirical resu l t s .  Several boundary 
conditions had to be established in order to simpli- 
fy these calculations. These included: 
a. The vertical projection of the bow s e a l  is 
a constant (i.e., the seal extends from the vet deck 
to near the bottom edge of the sidewall). 
h..  The horizontal projection of the bow seal 
is a constant (the bubble cavity length of the ple- 
n m  shall hot be reduced by seal movement). 
C .  The seal is two-dimensional in shape (i.e., 
the seal extends straight across  the vessel and has 
no lateral curvature). While this fits the planform 
of the XR-3 Testcraft exactly, it is n o h e r e  similar 
to the bow seals on other, larger vessels, but is 
assumed t o  simplify the calculations. 
d. The transition shape of the water surface 
from ahead of the vessel to the plenum is that of 
the standard wave equation. 
e. The wave used is of constant period. This 
reduces the action to that o f  a standing wave. and " 
while the period of the wave is actually a function 
of the velocity of the craft, the length of the 
wave is fixed by the physical distance between the 
undisturbed water and the plenum at  the trailing 
edge of the seal, and the use of one period 
satisfies all conditions. 
With a plenum overpressure of AP pound 
per square foot and a fresh water density of 
6 2 . 4  pounds per cubic foot, it would be expected 

































































below t h e  undis turbed  water  l eve l .  For t h e  normal 
immersion depth end h e i g h t  above t h e  bottom of t h e  
s fdewa l l  fo r  t h e  t r a i l i n g  edge of t h e  s e a l ,  t h i s  
t h e o r e t i c a l  water  s u r f a c e  d i f f e r e n t i a l  was lese than 
four  (4) pe rcen t  from t h e  measured value.  
ampl i tude  of t h e  assumed wave. 
This - v a l u e  was t h e  d r i v i n g  f a c t o r  i n  de te rmining  t h e  
Using t h e  s i m p l i f i e d  equation") f o r  a wave o f  
ampl i tude  AMPU 
0 - m u  cos 'I (2) 
and f i t t i n g  t h i s  cosine curve t o  the  bow s e a l  f a c e  
invo lves  choosing a po in t  of tangency between t h e  
wave (water su r face )  and t h e  s e a l  f ace  as one po in t  
of r e f e r e n c e  and us ing  the  t r a i l i n g  edge of t h e  s e a l  
as t h e  nega t ive  minima. Because of the  dec rease  i n  
t h e  r a t e  o f  change o f  t he  s l o p e  o f  a c o s i n e  curve  
becomes s i g n i f i c a n t  as the  curve passes  through t h e  
angu la r  measure of twenty seven and a h a l f  dep,rees 
(27.S0), t h i s  po in t  was chosen as the  tangency 
p o s i t i o n ,  (0.192 AP i nches  above the  r e fe rence )  
and t h e  t r a i l i n g  edge was chosen as t h e  n e g a t i v e  
minima ( r e fe rence )  a t  an a n p l a r  measure o f  one 
hundred e i g h t y  degrees  (180 ). 
The wave shape was determined by p r o f i l i r g  t h e  
h e i g h t  of t h e  seal above t h e  t r a i l i n g  edge 
(reference) a t  any s t a t i o n  ( S t a t i o n  X )  between t h e  
crest of  t h e  wave ( S t a t i o n  0 ) .  which a c t u a l l y  l i e s  
ahead of t h e  seal f ace ,  and S t a t i o n  T, t h e  t r a i l i n g  
edge of t h e  seal. This p r o f i l e  i s  expressed  as: 
ZHUV - AMPW (Cos (STAX - STAO) - 1s2.50 + 1 1 (3)  XLW v h e r e  
ZHWV = Z-axis he igh t  of t he  wave ( s e a l )  a t  
A W W  - Wave ampl i tude  = 0.192 AP/(l+Cos 27.5') 
STAX - S t a t i o n  a t  which he igh t  i s  t o  b e  deter- 
4 
S t a t i o n  X i n  inches.  
.mined, measured i n  inches  a f t  o f  t h e  
vet deck h ihge  l i ne .  
STAO - S t a t i o n  a t  which wave c r e s t s  
XLW - Wetted l e n g t h  of the  s e a l  i n  t h e  X-axis 
XLW - STAT - STAC. where STAC i s  t h e  
s t a t i o n  a t  po in t  o f  c o n t a c t  ( tangency) .  
A wave of t h i s  shape and s i z e  would have its 
crest ahead of t h e  s e a l  f ace  wi th  a c r e s t  he igh t  
approximately s i x  percent  (6%) of t he  sur face- to-  
p l e n m  he igh t  d i f f e r e n t i a l  above the  undis turbed  
v a t e r  l e v e l .  
Superpos i t ion ing  of t h e  wave cos ine  curve  on 
t h e  p l o t  o f  t he  lower seal f ace  (F igu re  IO) of  t h e  
XR-3 pres su r i zed  seal shows t h a t  t h e  forced  flow 
p a t t e r n  d i f f e r s  from the  optimal.  wave equa t ion  





Figure  11 shows t h e  r e l a t i v e  shapes  o f  t h e  
o r i g i n a l ,  p re s su r i zed  seal o f  t he  XR-7 and t h e  
shaped s e a l  w i th  t h e  minimum post-Hmp drag ,  
FIG, I I 
whi le  F igure  12 compares t h e  expe r imen ta l ly  o p t i -  
mired s e a l  w i t h  the  wave equat ion  curve a s  computed 






Early T r a n s i t i o n  
When t h e  XR-3 T e s t c r a f t  s e a l s  were designed 
and f a b r i c a t e d  by t h e  David Taylor  Naval Sh ip  
Research and Development Center ,  Carderock, MD, t h e  
bov s e a l  was f i t r e d  d t h  a mechanism f o r  p a r t i a l l y  
r e t r a c t i n g  the  s e a l .  
b a r s  i n s i d e  the  seal, ex tending  the  width of t h e  
s e a l  wi th  each b a r  connected t o  t h e  dom-s top  r i n g s ,  
one b a r  a t  t he  m i d - p i n t  a t tachments  and one b a r  a t  
t h e  t r a i l i n g  edge connections.  
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Cont ro l  c a b l e s  f o r  t h e s e  ba r s  a r e  f a i r e d  upward and 
forward t o  a dual-spool e l e c t r i c  winch which is  
opera t ed  from t h e  cockpi t .  
designed so a s  t o  provide  a uniform l i f t i n g  of t h c  
seal f ace  about t h e  wet deck hinge line ( i . e . ,  the.  
a f t  b a r  be ing  l i f t e d  twice as f a r  a s  t he  a id -po in t  
ba r ) .  
The winch spoo l s  were 
It  was hypothesized t h a t  raising of  t h e  seal 
would permit overrunning of t he  bow wave a t  l o v e r  
va lues  of drag  and v e l o c i t y  than those  a s s o c i a t e d  
w i t h  nonqal t r a n s i t i o n .  
I n i t i a l  t e s t i n g ,  however, d i sc losed  t h a t  even 
the  maximum r a i s i n g  of t h e  seal would no t  permit an  
over run  o f  t h e  bow wave. It was f e l t ,  a t  f i r s t ,  
t h a t  t he  reason t h a t  t h i s  system did  no t  work was 
due t o  t h e  f a c t  t h a t  t he  t r a i l i n g  edge of t h e  s e a l  
l i f t e d  b u t  s i x  ( 6 )  inches.  wherein the  bow wave a t  
Secondary H a p  may be  t e n  (10) t o  fou r t een  (14) 
inches  high. 
A f t e r  obse rva t ion  of t he  r e s u l t s  of t h e  test 
runs w i t h  t h e  shaped s e a l ,  i t  was decided to  once 
aga in  a t tempt  e a r l y  t r a n s i t i o n  by r a i s i n g  the  
op t ima l ly  shaped seal. The t e s t c r a f t  was brought 
to a d r a g / v e l o c i t y  cond i t ion  j u s t  s h o r t  o f  Secon- 
dary  Hump and t h e  c r a f t  was p e m i t t b d  t o  s t a b i l i z e .  
Once it was determined t h a t  the  t e s t c r a f t  was no t  
going t o  a c c e l e r a t e  over Secondary Hump, the  s e a l  
v a s  r e t r a c t e d  t o  t h e  upper l i m i t  - and the  test- 
c r a f t  a c c e l e r a t e d  t o  the  post-Hmp v e l o c i t y  assoc- 
i a t e d  wi th  the e s t a b l i s h e d  power s e t t i n g .  
Add i t iona l  t e s t s " )  were conducted t o  v e r i f y  
Included were a series of  t e s t  
t h a t  raising of t h e  bow s e a l  would indeed permi t  an 
e a r l y  t r a n s i t i o n .  
runs i n  which t h e  s e a l  was l i f t e d  a t  t h e  m a x i m u m  
ra te  t o  t h e  upper l i m i c  (approximacely t w o  ( 2 )  
seconds e l apsed  time) and then lowered a t  t h e  
maximum r a t e  (approximately one and a h a l f  (1.5) 
seconds).  A s  was expected, even the  r a p i d  re- 
c y l i n g  of  t h e  s e a l  d i d  no t  h inder  t h e  e a r l y  t r a n s i -  
t i o n .  Typical test results are shown i n  F igure  
(13) where the  t r a n s i t i o n  va lues  for v e l o c i t y  and 
t h r u s t  f o r  t he  shaped s e a l  are compared wi th  t h e  





T h e o r e t i c a l  a n a l y s e s  have p rev ious ly  shown 
thn t  minimal f o r c e s  a r e  e x e r t e d  by t h e  t r a n s i t i o n  
o f  water  from one l e v e l  t o  ano the r  if t h a t  t r a n s i -  
t i o n  fo l lows  t h e  wave equa t ion  (Cosine) shape. 
Experimental  r e s u l t s  ob ta ined  from calm wa te r  
tests wi th  t h e  XR-3  T e s t c r a f t  v e r i f y  these f i n d i n g s  
i n  the  post-Hump regime. These exper imenta l  re- 
s u l t s ,  however. show t h a t  t h e r e  is an i n c r e a s e  in 
t h e  drag a t  Secondary Hump. This  i n c r e a s e  is l a i d  
to t h e  h igh  drag  a s s o c i a t e d  wi th  t h e  d ig- in  and 
t h e  sma l l  improvement a f f o r d e d  t o  t h e  flow drag  
a t  lower v e l o c i t i e s .  
Despi te  t h e  i n c r e a s e  i n  drag  a t  Secondary 
Hump wi th  an op t ima l ly  shaped s e a l  f ace ,  an e a r l y  
t r a n s i t i o n  can be  e f f e c t e d  by r a i s i n g  t h e  t r a i l i n g  
edge o f  t h e  s e a l  approximately t h e  h e i g h t  o f  t h e  
d i f f e r e n c e  i n  a t e r  l e v e l s  j u s t  p r i o r  to t h e  
normal t r a n s i t i o n .  
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